1. Electroencephalographic and nerve-conduction studies were undertaken in children who had been treated in hospital for kwashiorkor 6-8 years previously ; the results were compared with those for age-matched controls of similar cultural and socio-economic backgrounds.
In studies with experimental animals, undernutrition at a certain stage of development results in damage to the brain, which may remain despite refeeding at a later stage (Dobbing, 1963-4 ; Winick & Noble, 1966; Bass, Xetsky & Young, 197oa, b ; Cragg, 1972) . Cravioto & Robles (1965) described deficits in adaptive and motor behaviour in children with protein-energy (protein-calorie) malnutrition during rehabilitation. In more recent studies, a decrease in cellularity and in myelin lipids has been reported in the brains of children with protein-energy malnutrition (Winick & ROSSO, 1969a; Fox, Fishman, Dodge & Prensky, 1972; Kokrady, Mukherjee, Ganguly & Bachhawat, 1973) . In an earlier study from this institution, neuromuscular abnormalities in children with kwashiorkor have been described (Sachdev, Taori & Pereira, 1971) .
In the few electroencephalographic (EEG) studies carried out in children with kwashiorkor, generalized as well as focal slowing in the temporal lobes was reported in the majority (Sarrony, Saint-Jean & Clausse, 1953; Engel, 1956; Nelson, 1959) . The response to photic stimulation was also reported to be abnormal in the acute phase (Nelson, 1959) . With recovery, the changes in the EEG tend to revert to normal and the response to photic stimulation also improves (Engel, 1956; Nelson, 1959 Champakam, Srikantia & Gopalan, 1968; Hertzig, Birch, Richardson & Tizard, I 972) . As mental function and neurointegrative performance are found to be affected in some children several years after recovery from kwashiorkor, the following studies were undertaken to determine the EEG and nerve-conduction patterns of children 6-8 years after recovery from malnutrition. 60 G. M. TAORI AND SHEILA M. PEREIRA I974
MATERIAL A N D M E T H O D S
Subjects Twenty children who had previously been treated in hospital for kwashiorkor were contacted in their homes 6-8 years after recovery. Their parents' consent was obtained for the children's participation in follow-up studies on anthropometry, neurointegrative performance (to be published) and electroencephalographic and peripheral nerveconduction patterns. The children were studied when they were between 7.5 and I I years of age.
Controls
Twenty children resident in two villages and attending the local schools formed the control group. They were between8 and I I years of age and came from a socio-economic and environmental background similar to that of the children who had recovered from kwashiorkor. T h e heights, weights and the circumferences of the heads and chests of the children were recorded. I n selecting the children who served as controls, it was established that they had been free from overt protein-energy malnutrition in early childhood.
Electroencephalograms on all the children were done on a Grass 8-channel electroencephalograph using the international 10-20 system of scalp electrode placement. All the records were taken during the wakeful state only. Response to opening and closing of the eyes was noted. Hyperventilation for 3 min was used as a provocative test. Response to photic stimulation at 2-20 flashesls was studied.
Nerve-conduction studies were done on a MEDLEC MS3R electromyograph in an air-conditioned room, with the temperature kept constant at 28-29'. Motor-nerve conduction was estimated in the median and the lateral popliteal nerves by standard surface stimulation and recording techniques. Sensory conduction in the median nerve was studied by stimulating the digital nerves of the index finger by ring electrodes at the wrist. Latency, amplitude and duration of the potential were studied. Sensory conduction in the sural nerve was studied by stimulating the nerve antidromically in the leg by surface electrodes and recording the potential by surface electrodes just behind the lateral malleolus. The conduction velocity of the nerve, the amplitude and the duration of the evoked potential were recorded.
R E S U L T S
The children who had recovered from protein-energy malnutrition had, on their first admission to hospital, the essential features of kwashiorkor as seen in south India (Gopalan & Ramalingaswami, 1955; Webb, Dumm & Pereira, 1963) . The ages, total serum proteins and serum albumin of the children with kwashiorkor on admission are given in Table I . The minimum body-weights of the children after loss of oedema are also given to indicate the severity of their weight deficits.
T h e anthropometric measurements of the children who survived kwashiorkor are compared with those of the children who served as controls in Table 2 . As some of the girls showed early development of secondary sexual characteristics, the circumferences of the chest were omitted.
The children who had kwashiorkor were shorter and lighter than their controls. The differences in heights and weights between the two groups were statistically significant (P < 0.001 and P < 0.01 respectively). The children who survived malnutrition had smaller head circumferences than the children who served as controls, though the difference between the groups was not of statistical significance. The heights and weights of the children who had recovered from malnutrition and of the control subjects are shown in Fig. I with, for comparison, the height and weight curves for urban and rural Indian children (Indian Council of Medical Research, Five of the children who had survived kwashiorkor had not gone to school and two others had discontinued their studies after a year or two for reasons unconnected with their learning ability. Seven children were in the first three classes without previous failures (one child was in the first class, three were in the second and three in the third). However, six other children had failed in the first and second classes and had to remain in them. I n the control group, one child was in the second class, five '959). each were in the third and fourth classes and nine were in the fifth class : their scholastic achievements were commensurate with their ages.
Electroencephalographic studies were undertaken in the children who had recovered from kwashiorkor within a few months of the first contact. At the time the electroencephalograms were obtained and the nerve-conduction studies were carried out, all the subjects were between 8 and I I years of age.
T h e frequency of alpha activity varied between 8 and 10 Hz in both control and patient groups and the reactivity to opening of the eyes was normal in all. Amplitude of the alpha activity ranged between 30 and 150 pV in both the groups without any difference. Theta activity of 4-6 Hz, mostly in frontal and temporal regions, was again noted equally in both the groups. Fast rhythms of 15-25 Hz were also equally developed. Hyperventilation produced slowing in both the groups and was considered within normal limits. Response to photic stimulation as judged by 'driving response' in the occipital regions was again well developed in both the groups. I n short, electroencephalograms in the wakeful state and the response to hyperventilation and photic stimulation were within normal limits.
The results of the nerve-conduction tests are summarized in Table 3 . Differences between the mean values for the control and patient groups were not statistically significant. However, in three survivors of malnutrition, the amplitude of the sural nerve potential \vas below the lower limit of the normal range. Rang€ 1'9-3.1 49-68 2-5-5'1 41.j-57 10-60 39.8-60
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1'4-2'2 # Index finger to the wrist.
D I S C U S S I O N
The damage sustained by the developing nervous system during a period of undernutrition has been established by several studies (Sugita, 1918; 1972 ). It has also been noted that neurointegration of the special senses is delayed in children who have suffered from proteinenergy malnutrition in early childhood (Cravioto & Robles, 1965; Cravioto et al. 1966) . These children may be left with a permanent impairment of intelligence and become less effective citizens.
I n the acute phase of the illness, most children exhibit behavioural changes, and their electroencephalograms have been shown to be abnormal (Sarrony et al. 1953; Engel, 1956; Nelson, 19 59; Valenzuala, Hernandez-Peniche & Macias, 1959) . In two patients whose mentation was normal, Engel (1956) reported normal electroencephalograms. During recovery, over a period of a few weeks to a few months, the electroencephalograms of the children became normal (Engel, 1956; Nelson, 19 59; Valenzuala et al. 1959) . Myslivecek & Hassmannova (1962) , and more recently Mourek, Himwich, Myslivecek & Callison (1967) have reported changes in the evoked potential in chronically starved animals despite the resumption of normal feeding. However, it should be noted that in these animals the basic rhythms were slower than in control animals. Nelson (19 59) reported a depressed response to photic stimulation in children with kwashiorkor in the acute stage, with distinct improvement in the evoked response during recovery.
In the present study, children showed normal resting encephalograms and normal responses to hyperventilation and photic stimulation 6-8 years after recovery from kwashiorkor. However, the latter in the routine electroencephalogram is not a very satisfactory method of studying the evoked response. (Eayrs & Horn, 1955; Horn, 1955; Eayrs & Goodhead, 1957 ; Cragg, I 972). On refeeding the expcrimentally malnourished animals, Horn (1955) did not find any statistically significant change in the dendritic arborizations. It is possible that a study by more sophisticated techniques of evoked responses in children who have recovered from malnutrition might reveal abnormality. The involvement of the peripheral nervous system and muscle has been demonstrated in the acute stage of the illness by Sachdev et al. (1971) . In the present study, in three children who had previously suffered from kwashiorkor, the amplitude of the evoked response from the sural nerve was low, despite normal conduction velocity, a finding that may indicate a smaller number of nerve fibres in the sural nerves of the subjects, than in those of the other children. T h e lower amplitude of the evoked response in three children did not correlate with other measurements such as the onset of illness, height, weight and performance of neurointegrative psychometric tests. It is difficult to ascribe the change in the evoked response solely to the acute proteinenergy deprivation that had occurred several years ago, for a continued deficiency of nutrients might have played a part. However, it is very likely that the children serving as controls had also been exposed to similar nutritional deficiencies, which are widely prevalent in this geographical area (Rao & Rao, 1958; Sundararaj, Almas Begum, Jesudian & Pereira, 1969) , and it is probable that the findings in the survivors are related to the acute deprivation they suffered in the past. 
